Abstract: Global economic restructuring and technological change are transforming the map of global production and the global division of labor. Based on the perspectives of global value chains and global production networks, this study analyzes the production networks, value chains, and spatial organization of the computer industry in China. It was found that the notion of a symmetric, bell-shaped smiling curve is a highly idealized conceptual framework, and for a developing country like China where leading firms have yet to become top-tier transnational corporations, the smiling curve more likely exhibits a flattened saucer shape. China is also increasingly being integrated into global production networks, and a new form of spatial organization, centered on emerging global cities and globalizing cities, is emerging. An investigation of the global-local networks of the computer industry showed that the embeddedness of transnational corporations (TNCs) is heavily influenced by industrial characteristics and geographical/institutional contexts.
Since the 1980s, the process of globalization has intensified and the division of labor in countries across the world has been restructured. Production processes have been globalized, forming transnational or cross-regional production chains and networks, with more and more countries being incorporated into the global production system (Dicken, 2003) . Asia's newly industrializing economies (NIEs) have been undergoing drastic economic restructuring as well; they are increasingly connected with the global core on one hand and developing countries such as China on the other. This trend has restructured the division of labor vertically and horizontally, and opened up new sources of production growth and economic development. Three closely related, network-based theoretical perspectives and approaches-global value chains (GVCs), global commodity chains (GCCs), and global production networks (GPNs)-have been developed to explain the process of globalization and changes in global production (Gereffi and Korzeniewicz, 1994; Ernst et al., 1998; Henderson et al., 2002) .
Since the late 1970s, China has restructured its development policies from egalitarianism and self-reliance toward competitiveness and opening up to the outside world through a threefold transition process of decentralization, marketization, and globalization (Wei, 2007) . China is the leading recipient of global capital, with sources ranging from developed countries such as the United States and Japan to such Asian NIEs as Taiwan and South Korea. China has become a global manufacturing platform and a key node in the global production process. Its major cities have also been increasingly incorporated into the global urban hierarchy and networks, led by Shanghai and Beijing. Such changes can best be understood through an analysis of the dynamic information and communication technology (ICT) sector, especially its leading computer industry. In 2006, the ICT sector in China had sales income of 4,750 billion yuan and exports of 364 billion yuan. The computer industry had an operational income of 1,271 billion yuan, accounting for 26.8% of the ICT sector (Ministry of Information Industry, 2007b) . China also produced 93.36 million personal computers (PCs; 39.1% of the global total), including 51.99 million notebook computers (Editorial Committee, 2007) .
This study, drawing from the perspectives and approaches of GVCs and to a lesser extent, GPNs, analyzes the corporate networks, value chains, and spatial organization of the computer industry in China to discover the networks and spatial relations that connect firms. First, the structure of value chains and the position of the Chinese computer industry within the global network are investigated. Second, network relations are examined among firms in the computer sector, specifically, the organizational (horizontal and vertical) relations among firms. And third, the spatial organization of production networks is investigated, especially in the Yangtze River Delta (YRD), an emerging global city-region of China.
THEORETICAL ISSUES AND RESEARCH CONTEXT

Globalization, Global Value Chains, and the "Smiling Curve"
The GCC perspective is a network-based, organizational approach to studying the dynamics of global industries, and analyzes the full set of actors (i.e., firms) and relationships that are involved in the production and distribution of a particular good or service to understand where, how, and by whom value is created and distributed along a commodity chain (Bair, 2005) . This approach pays special attention to the governance structure, especially of lead firms or chain drivers in an industry, and argues that development requires integration with the producer-driven and buyer-driven commodity chains. Four dimensions of the commodity chain have been identified: (1) an input-output structure, (2) a territorial context, (3) a governance structure, and (4) an institutional context. The GVC approach overlaps with and builds on the GCC approach, and has a strong emphasis on issues of sector-specific governance (hierarchy, captive, relational, modular, and market) shaped by the internal logics of sectors (Bair, 2005; Gereffi et al., 2005) . Borrus (1997) and Ernst (1997) proposed the concept of GPN to represent a cross-border production organization, which includes all sectors and interactions of the value chain, such as R&D, product design, manufacturing, distribution, and services. The Manchester School of GPN scholars has proposed a comprehensive analytical framework that focuses on the organizational and geographical webs of intrafirm, interfirm, and extrafirm networks (Henderson et al., 2002; Hess and Coe, 2006) .
Based on the GVC concept and his own experiences, Stan Shih (2005) , the founder of Acer, a computer company headquartered in Taiwan, in 1992, proposed a "Smiling Curve" to illustrate value-adding potentials of the different components in the value chain (Fig. 1) . He pointed out that in the PC industry, both ends of the value chain command higher added values to the product than the middle part of the value chain because the implementation of IBM's open PC standards and the rapid development of compatible PCs have significantly reduced entry barriers in PC manufacturing. If the X-axis represents the value chain (stage of production) and the Y-axis the value added, the resulting curve takes the form of a "smile." The upward segments of the curve at both ends indicate that value added increases by adopting R&D on one hand and brand service on the other.
More specifically, the global value chain can be classified into four parts that also highlight power relations among them. (1) At the left high end, R&D and design is the leader and origin of technology and industry standards of the computer, with strong monopoly power and trade barriers. (2) The right high end is brand management and marketing, which determines the product reputation and market edge. (3) The middle section includes the manufacturing of core components and general parts; core-component manufacturing still enjoys high profits, whereas the profit of general parts is mainly obtained from scale economies and specialized production rather than technological innovation. (4) At the low end, computer assembly processing and packaging mark the bottom of the value chain, activities that typically are labor intensive with low technological skills, and mainly concentrated in developing countries.
However, such a symmetric smiling curve is highly generalized, and has not been thoroughly tested empirically. This study analyzes the extent to which the value distribution of the computer industry fits the smiling curve, and the position of the Chinese computer industry in the global value chain. It is argued that the symmetrical, bell-shaped smiling curve is a highly idealized conceptual framework, and the real pattern is more likely to be asymmetric. Moreover, for a developing country like China, the smiling curve is at an earlier stage of development in which leading firms have yet to occupy monopolistic positions, and therefore the smiling curve is more likely to exhibit a flattened saucer shape.
Globalization, Division of Labor, and Spatial Organization
Changing global production is reshaping the nature of the division of labor and linkages across countries. The theory of the new international division of labor (NIDL) describes the division of labor in the 1980s and is concerned with the transfer of labor-intensive industries to developing countries for cost reduction, while the developed countries focus on capital-and technology-intensive industries. This is characterized as a vertical system. Since the 1990s, the organizational structure of firms has gone through a process of vertical disintegration because of fierce competition among firms and an increase of subcontracting activity. The division of labor has been reorganized based on value and commodity chains, and is characterized by the integration of functional units of production across spatial units. Under such a new global division of labor (NGDL), high-technology industries have labor-intensive components (e.g., processing and assembly of high-tech products) whereas labor-intensive industries have knowledge-and technology-intensive sectors (e.g., design in the garment industry).
The NGDL has several new features. First, the developed countries maintain their international competitiveness in manufacturing through global production to take advantage of diverse resources across the world, such as cheap labor and land, marketing potential, preferential investment policies, the development of transportation and information technology, and free-trade policies (Dicken, 2003) . Second, globalization and technological development have restructured the international division of labor and the competitiveness of global firms, which increasingly depends on vertical specialization (Ernst, 2006) . Through the modular production network, independent manufacturers can produce customized products for buyers; such a model uses flexible machinery to pool capacity for different customers, forming a division of labor around value chains (Sturgeon, 2002) . And third, the traditional manufacturing process as well as management, R&D, sales, and service are integrated into the NGDL and GVCs to create value. The NGDL, therefore, displays multiple characteristics, including the division of labor across industries, products, and value-added sectors, which have been studied through the prism GCCs, GVCs, and GPNs.
Globalization and global production have made spatial imprints on cities, and are instrumental to the formation of world cities and globally connected urban networks. The geographic expansion of production across the world requires world cities to serve as command centers to better organize complex global production and varied GCCs, GVCs, and GPNs (Sassen, 2001) . World cities, joined by emerging, globalizing cities in developing countries, are control points of global production networks and the international urban hierarchy. Such trends have also been observed in China, where global production is integrating Chinese cities into GCCs and GPNs, and leading cities such as Shanghai and Beijing are being integrated into GPNs (Wei et al., 2006) . Tong and Wang (1999) argued that the PC industry has expanded its production networks from the Silicon Valley and Taiwan's Hsinchu to Dongguan, China. Ning and Li (2006) maintain that, because of modular production, not only labor-intensive industries but also R&D centers have been relocated to China.
Drawing from the perspectives of GVCs and GPNs as well as an analysis of the computer industry, it is argued that China is increasingly being integrated into global production networks, and that a new urban hierarchy based on emerging global cities is also forming in China. Production organizations will be analyzed across the urban hierarchy to identify the key growth centers.
Globalization, Localization, and Glocal Networks
Questions closely related to the discussion above are how firms and regions are integrated into GPNs and how GPNs influence their development. As argued in the literature, two intertwined processes are considered instrumental. The first is a TNC's embeddedness within a local economy, and the second involves the efforts of firms in developing countries to upgrade their industries and join GPNs through a strategic coupling with the latter.
The nature of GPNs and their influence on regional development depend on institutions and geographic context. Dicken (2003) argued that the embeddedness of GPNs cannot be explained without reference to official or unofficial policies of governments. Hess and Coe (2006) proposed that, for the mobile telecommunications industry, power and embeddedness play a central role in shaping the organization and spatial structure of GPNs; in addition, technical standards are the key measures to evaluate the abilities of actors to control special nodes, which are based on their cultural and social backgrounds rather than economic rules governing trade costs. Regarding Asian countries, Ernst (2004) argued that industrial upgrading is mainly achieved by integration into GPNs and knowledge flows. Parthasarathy and Aoyama (2006) found that active local entrepreneurship plays an increasingly important role in technological upgrading and in the shift from low-skill to high-skill services in Bangalore, and is facilitated by growing institutional depth. This is evidenced by the accumulation of local expertise, increasing local entrepreneurship by addressing specific market niches, and the development of a local technical community, which moves beyond the traditional buyer-driven and producer-driven dichotomy of GCCs.
In the context of China, Depner and Bathelt (2005) , in their study of the Shanghai automotive industry cluster, revealed how Volkswagen overcame operational problems with different criteria and regulations, unknown systems, and an unfamiliar cultural environment. Liu and Dicken (2006) showed that foreign direct investment (FDI) in the automobile industry in China is a type of market-led and embedded investment characterized by joint ventures and follow-up network configurations. They argued that the government of China, through the process of "obligated embeddedness," in which a TNC is forced to comply with state criteria in order to gain access to resources, has promoted the positive contribution of TNCs to the development of China's auto industry and local economies. Researchers have also found significant impacts of government policy on the location of FDI and network configurations (Zhou, 2005; Miao et al., 2007; Wei et al., 2008) .
However, the phenomenon of "obligated embeddedness" is a special feature of the automobile and other strategic industries in China, which are heavily regulated by the government. In fact, in the auto industry national political institutions create pressure for local content, which guides production close to end markets (Sturgeon et al., 2008) . Thus automotive TNCs have to negotiate with the Chinese government for their production sites and access to the country's market. Moreover, Shanghai and Beijing, the major production bases of the auto industry, are the most powerful cities in China and provide their local governments with much leverage in bargaining with TNCs and demanding local content. But the computer industry is more open and less regulated by the state. It is argued that the nature of a TNC's local embeddedness in the computer industry is likely to be quite different from the auto industry, being much more highly influenced by industrial characteristics and geographic as well as institutional contexts.
RESEARCH CONTEXT AND DATA Since China's economic reform in the late 1970s, international computer manufacturers have entered the Chinese market because of abundant and cheap labor, a potentially huge marketplace, and preferential investment policies. In the early stage of reform, foreign investors were required to cooperate with Chinese firms, which led to the development of a number of well-established Chinese computer companies. With more extensive reforms in the 1990s, the government released control over FDI in ownership. As a result, FDI in China accelerated and the demand for computers also increased dramatically. In the YRD and PRD, computer industry clusters formed based on locational advantages, local government policies, and widening industrial bases (Tong and Wang, 1999; Wang and Lee, 2007; Yang and Hsia, 2007) . By 2006, foreign-invested enterprises (FIEs) in the computer industry accounted for 80% of sales, 79% of industrial value added, and 80% of all profits in China (Ministry of Information Industry, 2007a).
This study utilized several data sources. First, Intel and 34 computer firms among the top 100 global IT companies in the world were selected as sample firms to analyze smiling curves. According to Business Week (2006), firms must reach certain levels to be included in the top 100. Companies with sales income of less than US$500 million, those whose stock prices fell more than 75%, and/or those who experienced sales declines were excluded from the list. Intel was also excluded because of its monopolistic position in the industry. Nonetheless, Intel was included in this research given its significant role in the computer industry. In the software industry, only the operating system is part of the PC value chain. Because such major products as Microsoft DOS and Windows are the platforms and standard components of PCs, Microsoft was also included.
The second data source is the list of the top 100 IT companies in China in 2007 (2006 data) (Ministry of Information Industry, 2007c), which included 15 Chinese computer companies. There are 7 brand manufacturers, 7 integrated circuit (IC) manufacturers, and 2 peripherals manufacturers. China's list of the top 100 IT companies was produced through company applications, recommendations of local governments, and a review of the Ministry of Information Industry. SMIC was not on this list although its sale was qualified; however, it was included because of its size and significance. Software companies were not included in the list. Our sample of 16 computer firms includes 5 brand manufacturers (Lenovo, Founder, Tongfang, Unis, and Hedy), 5 IC designers and manufacturers (SMIC, Shenzhen SEG, Shanghai Hongsheng, Huarun, and Huahong), and 2 peripherals manufacturers (BOE and Great Wall Corporation).
Third, in the fall of 2006 and spring of 2007, we conducted a survey of ICT firms in five leading Chinese cities: Shanghai, Beijing, Shenzhen, Suzhou, and Dongguan. The survey used both phone calls and site visits, each lasting up to 90 minutes. Data were generated for more than 1,000 firms, and comprehensively covered the ICT industry in these cities (hereafter the ICT survey). This study draws on selected data on the computer industry from the survey, especially in the case of Suzhou. The latter is home to 157 ICT hardware firms, 33 computer equipment manufacturers, and 20 software firms.
Third, to further understand the computer industry and its operational environments, a dozen interviews were conducted at computer firms. These were conducted in all five cities, with most of the firms located in Suzhou and Shanghai, including such leading players as Quanta Computer. A number of government officials and business associations were also interviewed, mainly in Shanghai and Suzhou, to better understand government policies and external networks of firms. Li et al. (2007) reported some preliminary findings of smiling curves of the Chinese computer industry by using the first two datasets. This study expands that work by building upon theoretical perspectives of GVCs and GPNs and providing a systematic analysis of the two datasets. It also expands the data and scope of research to global-local networks and cases of Suzhou as well as Taiwanese investment in China. The ICT survey and interviews of firms and at government agencies also strengthen the empirical basis of the research and provides more supporting evidence for theoretical arguments.
BUSINESS ORGANIZATIONS, VALUE CHAINS, AND SMILING CURVES
Value Chains and Economic Performance
Based on the classification of value chains, the sample firms are divided into five categories (Table 1) . Among the 35 selected firms, Microsoft and Intel are in a separate category as technological source and standard-setting firms because of their monopolistic nature. For comparison, the top 5 firms from the rest of the four categories were selected to calculate average sales, profits, and sales margins so that each category represents the same number of firms. Table 2 displays the value chain of the computer industry in China.
Comparing Tables 1 and 2 , two problems can be identified in the value chains of the computer industry in China. The first is the lack of system designer and R&D of high-end products, and the second is that the division of labor is at a low level. Most brand manufacturers are FIEs and assemblers. In 2006, average sales and profits of the top 5 in each category of computer firms in China were much smaller than those of the top 5 global firms. For firms in IC design and manufacturing, average sales income and profits were 6.68 billion yuan and 530 million yuan, respectively, which were 11.3% and 6.5% of the averages of global firms. For firms in brand manufacturing, the average sales income and profits were 37.79 billion yuan and 1.15 billion yuan, respectively, which were 10.5% and 7.7% of the averages of global firms. In general, China's computer firms are still small in scale and low in profit margins, reflecting the wide computer-industry gap between China and the leading developed countries.
Smiling Curves Based on Sales Profits
In the five categories of computer firms, only those of technological source and standards had average profits above US$10 billion (US$11.07 billion), much greater than the other firm types. Average profits of brand marketing and core-component design and manufacturing reached US$1.94 billion and US$1.08 billion, respectively, while general-component design and manufacturing as well as OEM and assembly obtained average profits of US$450 million and US$190 million, respectively, which were at the low end of the value chain.
As seen in the smiling curve in Figure 2 , the left leg of the curve rises sharply due to the monopoly of Microsoft, Intel, and their Wintel alliance, and the right leg also rises because firms in brand marketing and services have high profits. The smiling curve, however, is asymmetric, showing an upward curve on the left leg, indicating the monopolistic nature and highest profits of technological source and standard setting.
Using a similar coordinate system, the smiling curve of China's computer industry value chain shows some unique characteristics (Fig. 3) . Similarly, the firms of IC design and manufacturing as well as brand manufacturing had higher profits than those in peripherals manufacturing. However, when compared to the global computer industry value chain, the curve is only slightly higher at both ends and much flatter, resembling a saucer, indicating much lower value gaps among firms in the Chinese computer industry. 
Smiling Curves Based on Average Sales Profit Margins
Sales profit margins of the global computer industry value chain also exhibit an asymmetrical smiling curve (Fig. 4) . The average sales margins of the firms in technology source and standard setting, as well as core-component design and manufacturing, were 27.2% and 14.2%, respectively, and reflect higher sales profit margins based on a technological Similar to the global computer industry value chain, the distribution of sales profit margins in China's computer industry is also asymmetrical (Fig. 5) . Moreover, high-end and low-end firms had much smaller differences in sales profit margins. Average sales profit margins of IC design and manufacturing, brand manufacturing, and peripherals manufacturing firms were 7.9%, 3.0%, and 2.8%, respectively. SMRC (2007) has analyzed the value structure of a notebook computer (Pentium M740CPU, the second-generation platform of SONOMA, 15.4-inch WXGA monitor, 256 computer motherboard, DDR333 memory, DVD burner drive, 60G5400 hard drive, and genuine preinstalled XP). Its factory cost was about US$900, in which the CPU and software accounted for, respectively, 23% and 9% of the total cost. Core components such as the monitor, motherboard, and hard drive accounted for 17%, 12%, and 10% of the cost, respectively. The drive, casing, and memory accounted for 6%, 2%, and 3%, respectively, whereas manufacturing and assembly only accounted for 3%. Such a value chain structure provides further evidence of the value distribution shown in Figures 4 and 5.
VALUE CHAINS AND THE GLOBAL DIVISION OF LABOR
Global Value Chains and Power Relations
Power relations among firms can also be analyzed using value chains. Intel and Microsoft are exemplar firms in technology source and standard setting (Table 3 ). They have set the industrial standards for computer software and hardware, and control R&D of the core products through their establishment of the Wintel alliance. The CPU of Intel and Windows of Microsoft have strong technological monopoly power, and therefore maintain strong competitiveness. The firms of brand marketing and management usually make profits based on their brands, sales channels, and market advantages. Although they do not directly control production and technology, with the global expansion of production and market, these firms hire professional contract manufacturers to undertake production and manufacturing while they themselves only focus on marketing and production sales. Such leading global computer manufacturers as Hewlett-Packard, Dell, and Apple have all subcontracted their notebook computers to Taiwanese manufacturers (Table 3) . Dell, for example, has crafted a logistics-oriented business system focusing on circulation rather than production as a source of profit (Fields, 2006) . The extent to which Toshiba, Fujitsu, and Sony subcontract their notebook computers has been increasing as well. As seen in Figures 3 and 5 , U.S. and Japanese firms occupy the high end of the global value chains. Most of the firms at the low end are from Taiwan, with expanding large-scale manufacturing and production networks. China has become their major production base through globalization and increasing economic exchange between mainland China and Taiwan. Also worth noting is the rise of Taiwanese computer firms in global value chains.
The firms in core-component design and manufacturing (e.g., AMD, Texas Instruments, Seagate, Taiwan Electrical and Mechanical) possess advantages in technology and capital. They enjoy relatively strong industry dominance, although they compete with standardsetting firms such as Intel. With the dispersal of technology, average profits of single plants have decreased, but total profits remain at a high level. The firms in general-component design and manufacturing obtain most of their profit from scale economies based on specialized production, with only limited profits from technological innovation. Intense competition exists among these firms because their products are mature, have low entry barriers, and are relatively easy to replace. These companies are located at the low end of the production value chain of the computer industry, and most of them are technology followers. The firms in OEM and assembly such as Taiwan's Honghai and Quanta are involved in labor-intensive production, and most of them are located in developing countries such as China and those in Southeast Asia. This category has a disadvantaged position in the global distribution of value. A diagram has been constructed to capture the relations and linkages involved in the production network and value chains (Fig. 6) . Firms in technology source and standardsetting control the technological standard and production of the other four categories. The central sector involves firms in brand marketing and management (buyers), who provide essential services such as computer styles, internal and external design, and setting requirements to manufacturers. OEMs, especially large ones, have close connections with brand manufacturers and parts suppliers, and enjoying the advantages of production networks. Firms in core-component design and manufacturing produce for companies engaged in brand marketing and management as well as OEMs. With advantages in capital and technology, these firms occupy an advantageous position in the network. However, with fierce competition arising from the proliferation of technology, their status in the value and power networks has declined. Firms in general-component design and manufacturing usually develop close relations with OEMs and firms in brand marketing and management. It should also be pointed out that power relations among firms change with their development conditions, as exemplified by the rise of computer manufacturers in Taiwan.
China in the Global Economy: Trade Data
An analysis of trade data can help to identify a country's position vis-a-vis global production networks. China's total imports and exports reached US$1,154.8 billion in 2004, with more than half consisting of exports. The export of high-tech products was valued at US$161.4 billion, accounting for more than one-quarter of total exports, and underscores the significance of such industries in China. An export coefficient, C i , was calculated to analyze the status of China's ICT industry in the global production network:
, where C i is the coefficient of product i; X i represents exports of product i; M i represents imports of product i. The closer C i is to 1, the larger the trade surplus and the stronger its international competitiveness; the closer C i is to -1, the smaller the trade surplus and the weaker its international competitiveness.
As shown in Table 4 , the main export products were personal laptops and cell phones; their C i s were 0.82 and 0.38, respectively, reflecting a large trade surplus. Core components 
GLOBAL NETWORKS, DEVELOPMENT TRAJECTORIES, AND DIVISION OF LABOR
Globalization, Development Trajectories, and Glocal Networks
Since the onset of China's reform and opening up to the world in the late 1970s, the international computer manufacturing industry has been attracted to China because of its cheap labor, huge markets, and preferential investment policies. Since the early 1990s, FDI in the computer industry has risen dramatically due to market openness, industrial restructuring, and rising demand in China. Both high-end and low-end sectors of the industry have gradually moved to China. Intel is a good example of the expansion of TNCs in China. The firm opened its first office in Beijing in 1985, followed by the establishment of its manufacturing base, R&D center, and regional headquarters. In terms of the value chain, Intel initially built its research laboratories and then established its R&D centers, which were gradually integrated with China's innovation and education systems. It also upgraded its manufacturing from packaging and testing chips to assembling the Intel Pentium 4 processor; it then established its 300 mm wafer fabrication facility in Dalian with an investment of US$2.5 billion. Other global computer companies have gone through similar development processes. Microsoft established a global technology center in Shanghai while Hewlett-Packard set up its China headquarters in Beijing. IBM established the China Innovation Center, China Software Development Center, China Systems Center, IBM China Research Institute, and its global purchasing headquarters.
At the early stages of investment when foreign majority control was prohibited in China, TNCs, in order to penetrate the Chinese market and avoid high transaction costs, had to cooperate with local firms, which helped Chinese firms to develop their management, R&D, and production skills. Such an institutional arrangement led to the development of a number of well-known computer companies in China, such as Lenovo, Founder, Qinghua Ziguang, and Digital China. Lenovo achieved rapid growth in R&D, manufacturing, and marketing by purchasing and acquainting itself with IBM's PC business, and has become the third-largest PC brand in the world.
In the 1980s, with government policy incentives, FDI was heavily concentrated in the cities of Shenzhen, Guangzhou, and Dongguan in Guangdong Province, where FIEs have established close linkages with the global production system. Since the early 1990s with the opening up of Shanghai's Pudong the focus of FDI has shifted to that metropolis and its surrounding YRD region, especially the national-level development zones offering better infrastructure, government services, and labor conditions for foreign investors. The YRD has become the new center of FDI and computer manufacturing, with the most rapid development occurring in Shanghai, Suzhou, and Hangzhou. However, FIEs in China are still mainly engaged in computer manufacturing and assembly, and the Sino-foreign collaboration is largely one involving low-end production. Foreign firms are increasingly establishing their companies in China in the form of wholly foreign-owned enterprises (WFOEs) with weak local embeddedness. Local governments in China have been more interested in the volume of FDI, paying less attention to the localization of FDI. This has limited further development of home-grown computer firms in China, which tend to be small and mainly provide low-end supplies to foreign firms or meet the demand of Chinese markets. Export rates of Chinese firms are generally low, which in 2006 were 10.6%, 3.4%, 0.6%, and 11.4% for Lenovo, Founder, Inspur, and Tongfang, respectively (Ministry of Information Industry, 2007c). Some firms such as Shanghai Hongsheng and Shenzhen SEG have relatively high export rates, but mainly serve as OEMs for foreign markets.
Agglomeration and the Spatial Division of Labor
The computer industry is distributed unevenly in China. The coastal region has become the main base of the industry where all the headquarters of the 16 selected Chinese computer firms are located, led by Beijing, Shanghai, and Shenzhen (Table 5 ). Intraregional differences in value chains can be observed. For the seven firms in brand manufacturing, four of them are located in Beijing, followed by the PRD (one each in Shenzhen and Guangzhou) and Jinan. The two firms in peripherals product manufacturing are located in Beijing and Shenzhen. All of the firms in IC design and manufacturing are located in the YRD and PRD, including three in Shanghai, one each in Nantong and Jiangyin, one in Hong Kong, and one in Shenzhen.
Beijing, Shanghai, and Shenzhen have become the leaders of the computer industry in China, representing the three emerging global city regions of Beijing-Tianjin, the YRD, and the PRD. Company headquarters and the firms in brand manufacturing are concentrated in Beijing for easy access to the central government, robust R&D and human resources, and advantages in marketing and information exchange. Shanghai is the city where IC design and manufacturing firms concentrate because of its advantages in human resources as well as access to the international market and the computer industry chain in the YRD. Shenzhen, as a Special Economic Zone, is most closely tied to southern China, Hong Kong, and Taiwan, leading to remarkable achievements in high-tech industry.
In terms of the location of computer manufacturers, the YRD and PRD are the major centers for notebook computer production. Nine of the top 10 Taiwanese notebook computer manufacturers are located in Suzhou. Major facilities bases of notebook computer manufacturers-IBM, Great Wall, and Lenovo-are located in Shenzhen. In 2005, 60 million notebook computers were produced globally, with more than half originating in China, including 15 million produced in Songjiang and another 15 million in Suzhou. The relocation of notebook computers from developed countries and Asian NIEs has also attracted suppliers of computer parts and components to China. Leading Taiwanese firms such as Asus, MSI, and Gigabyte Technology have all transferred their production bases to China. Consequently, highly agglomerated clusters have been formed in the YRD (notebook computers) and PRD (desktop computers), which reduced costs as well as production and delivery time.
Most of the major Chinese computer firms have expanded the geographic reach of their production and value chains. For example, the Great Wall Corporation is headquartered in Shenzhen, but its operating facilities are located in Beijing, Hong Kong, Changsha, and Huaihua (Fig. 7) . BOE Technology Group is also headquartered in Beijing, but has established its production facilities in Hong Kong, Shaoxing, and Suzhou. These firms have also begun to expand their low-end manufacturing to the central and western cities of China, such as Xian and Chengdu, while keeping their headquarters in coastal cities.
Taiwanese Computer Firms and the Case of Quanta Computer
China has become a leading producer of notebook computers, a field in which Taiwanese firms are a major player. The value chain of notebook computers mainly includes R&D, production, and marketing. Globally, U.S. firms control R&D, the production of key components, and brand management (Fig. 8) . Taiwan was once the major global manufacturing base of notebook computers and is known for its OEMs. With the increase of production costs in Taiwan and the improvement of the investment environment in China, a large number of notebook production lines have been transferred from Taiwan to China. In 2006, the output of Taiwan-based firms accounted for 90.2% of the market share in China. Thus China has replaced Taiwan as the largest notebook computer production base in the world. Indeed, the strategic coupling of industrial regions in China as production platforms is coordinated through Asian partners of leading global firms (Yeung, 2008) . Production capacity, scale economies and R&D in China have all been improved, although China itself is still weak in R&D and technology development.
Because U.S. firms are mainly engaged in producing core components such as CPUs, Taiwanese firms specialize in producing components such as motherboards, graphics cards, network interface cards and drives as well as designing the shapes and structures of notebook computers. Taiwan is engaged in important stages of R&D, production of key components, and contract manufacturing. Taiwan's role in the global production network and division of labor can be divided into two levels. Firms in Taiwan accept orders from top-tier TNCs, mostly located in the United States and Japan with their business relationships and advanced technology, while their firms in China are engaged in manufacturing and assembly supported by abundant labor (Table 6 ). These Taiwanese firms are highly agglomerated in the YRD, especially Shanghai and Suzhou (Table 7) . The case of Quanta Computer well represents the business organization and network relations of Taiwanese computer firms. It was established in 1988 and began to produce notebook computers on a large scale in 1990. In December 2000, Quanta Computer started to invest in the Shanghai Songjiang Export Processing Zone and has since experienced rapid growth in China. Quanta Shanghai Manufacturing City (QSMC) has been formed, and includes Shanghai Dafeng Computer as the leading company, eight original subsidiaries, and a number of sister companies, all enjoying large-scale operations and industry agglomeration. In 2005, Quanta Computer had exports of US$11.5 billion and ranked first in exports among the ICT enterprises in Shanghai. Quanta's notebook computers produced in China accounted for more than 80% of its total production. Its total sales revenues reached US$400 billion in 2005, and it produced 31.8 million notebook computers in 2007. It is an important OEM for Dell, Apple, IBM, HP, Toshiba, and Sony as well as for Chinese firms such as Lenovo and Qinghua Tongfang.
The Case of Suzhou
Suzhou, located about 100 km west of Shanghai, has risen as a hub of the computer and electronics industries and a major producer of notebook computers. It has been transformed from a municipality known for the Sunan model-which attributes the development of Sunan (Southern Jiangsu) to bottom-up, local state-directed township and village enterprises (TVEs)-toward an externally driven high-technology center (Wei, 2004) . Since the early 1990s, globalizing Suzhou has been a major growth pole for industrialization and regional development, spearheaded by the China-Singapore Suzhou Industrial Park and facilitated by its proximity to Shanghai and the surrounding YRD. Computer equipment manufacturing in Suzhou is dominated by FIEs, especially Taiwanese firms. Most of the firms were established after 2000 and are WFOEs. Most are small in size, but there is a substantial number of firms that employ more than 1,000 workers. The software sector is less developed, dominated by locally owned private firms; in 2007 more than 80% of them employed fewer than 100 workers. In terms of global-local relations, Suzhou is largely a satellite district dominated by TNCs and external organizations. As shown in Table 8 , most purchases in computer equipment manufacturing are from FIEs; R&D and core-component manufacturing are heavily controlled by their parent firms. Even though a high percentage of firms have subcontractual relations with local firms, most production is low-tech, labor-intensive manufacturing. On the other hand, the infusion of FDI into the YRD is making the region a hub of the ICT industry as extensive regional production networks have formed, evidenced by the heavy concentration of production linkages within Suzhou and the YRD (Table 8) .
The weak global-local linkages are further evidenced by the survey on the importance of cooperation. Results suggest that an overwhelming percentage of FIEs have no cooperation with domestic firms or consider such cooperation unnecessary, especially in the most important types of cooperation such as strategic alliance, cooperative R&D, and technology transfer. Such division is even more serious in the software sector. The function of Suzhou as a global manufacturing platform to some degree has inhibited the city's development of R&D and advanced business services, which indicates that Suzhou needs further development of its endogenous innovative capacities.
CONCLUSION
In the last 20 years, the global computer industry has experienced major restructuring and global redistribution. GPNs and value chains have been spatially separated but functionally integrated to fully explore global resources and economies of scale. Various components of GPNs are located in different places and serve varied functions. This analysis has found that high-end functions such as R&D and brand marketing are mainly located in developed countries, which enjoy competitive advantages in R&D and engineering technology, whereas manufacturing and the low-end of value chains have been transferred to the developing countries to reduce costs. Developed countries have maintained their This study reveals that China has indeed become a global manufacturing platform, emerging as a key center of global manufacturing wherein TNCs have invested heavily in the computer industry. FDI has greatly improved China's productive capacities, making the country an essential component of GPNs and GVCs. To maintain competitiveness, TNCs have transferred in some high-technology activities as well as establishing regional headquarters and R&D centers in China. This has accelerated upgrading and networking of the computer industry, making interfirm relations in the GPNs more complex. Beijing, the YRD, and the PRD, China's three emerging global city regions, have become the dominant bases of the computer industry in China. Beijing, in particular, has dominated the control functions of the computer industry, while the YRD and PRD are more production oriented.
However, compared to leading TNCs, China's computer industry is characterized by lack of innovation, inferior core infrastructure, and weak lead firms, which constrains China's competitiveness. The smiling curves of China's computer industry are rather saucer-shaped, indicating an early stage of value chain development and the lack of leading global firms in China. Due to weak FIE embeddedness, China's home-grown computer industry is not well integrated into the high end of GPNs. In short, China's computer industry remains at the low end of global value chains, which has heightened the country's commitment to remake itself into a world-class innovator.
